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STUDY ON THE QUANTITATIVE DETERMINATION
　　　　　OF EDDY EXCHANGE COEFFICIENT
　　　　　　　　　　　　　　　By
　　　　　　　　　　　　Hisashi UETA
(Ｐりｊ臨1£岫回加ぴ, Fac?りが£iなａzμ4Γeand Science,Ko･面びniversity)
　　　　　　　　　　　　　　　　　　　　　　　ABSTRACT
　　　Swinbank°s method involving difficult and erroneous measurement of vertical, eddy
velocities but not containing any assumption on the eddy mixing process is employed with
slight modification for this purpose and sｏ°ｅｏｂsり'゛ed゛ alues are gi゛en.　The existing
various semi-direct and indirect methods containing some assumptions on eddy mixing
process and our direct method are critically discussed and it is concluded that the direct
method gives the comparatively reliable values,　though no reliable ゛alues can be found
among the different ゛alues obtained by various other methods.
　　　　　　　　　　　　　　　　　　　　　INTRODUCTION
　　　The numerical determination of eddy exchange or“Austausch” coefficients is one of
the most fundamental problem in micrometeorology.　In fact･ micrometeorology can･not
develop without knowing the reliable values of the coefficients. So many studies are de-
voted to the problem、 but we can not find any reliable values at least in the present time.
Swinbank's study is recommended to give ａ rational way to find the　Austausch coefficient
without involving any assumption on the eddy miχing process、 though containing very
difficult and erroneous measurement of vertical eddy velocities. The present study is car-
ried out under the direction above mentioned.
　　　　　　　　PART Ｉ. METHOD AND RESULT OF OBSERVATIONS
1. Technique of Hot-Wire
　　　Ａ satisfactory way of measuring fluctuations of vertical component of air-flow by
means of sensitive hot-wire anemometers was given by Ｗ. Ｃ. Swinbank [1]in 1951.
Following his method、 ｈｏt‘wireanemometers to measure the total air-flo゛ and angle of in‘
clination of wind to the horizontal plane、 are constructed and employed for our present
study. A thermocouple type of hot-wire anemometer is used as ａ total air-flow meter.
Its hot-wire of diameter 0.002 cm and ３ cm long、 is stretched horizontally on ａ top of ａ
vvnid vane making the ゛ind blow normally across the ｗ卜ｅin any orientation of the wind
directions or inclinations. The total air-flow meter is calibrated by ａ Biram's anemometer
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and ａ typical calibration curve　with
heating current of 0.5 amp.　is given
in Fig. 1｡
　　　The inclination angle of air-flow
is measured by two hot-wire systems.
The firstsystem consists of two equal
constantan wires of diameter 0.0015
cm and 3.５ cm　long, equally and
oppositely, or 45 and　l 35 degrees,
inclined to the horizontal plane and
す，ｍ/sｃｃ　mounted on the top of ａ Ｗ泌d vane, so
　　　　that they can be in the same vertical　　Wind-velocity by Biram's Anemometer
Fig. 1. Calibration curve of total wind hot-
　wire circuit. (Heating curr‘ent0.5 amp.)
plane, parallel to the vane, and there-
fore are always in the same vertical
plane as the wind.　These ＼″iresform the opposite arms (Ri、/?2)0f the Wheatstone bridge
as shown in Fig. 2.　The resistances of the other two ａｌ｀゜S(尺3、沢4)ofthe bridge are ad-
Ｅ
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Fig. 2. Circuit diagram of inclination-of-airflow hot wires. Ｒ】= R2 are hot
　wires of 0.0015 cm diameter constantan wire, 0.98 ohms. R3＝Ｒ４ are
　constantan wires, 30 ohms. ･"ff: resistance of mirror galvanometer. Ｅ :
　Battery, R : 100 ohms rhとostat.G : mirror galvanometer
justed so as to balance for the ､pure horizontal current.｡
　　　The wind inclined to the horizontal plane affects the wires differとntly and the resultant
galvanometer current (iJ provides ａ measure of the inclination of the wind (？1)ｗｈｅｎａ
calibration of the system has been made.　Calibration of the apparatus is carried out in
the s!nail wind tunnel･ setting the hot-wire itself inclined with any angle to the hol゛
izontal plane and ａ typical calibration cur゛e is shov゛11in Fig. 3..　The second hot-wire
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system, having the same form as the firstsystem but the orientation of the hot-wires rotated
degrees
Fig. 3. Typical calibration curve of angle-of-inc】ination of
　wind hot-wire circuit. (wind velocity of 3.8m/sec. heating
　current 0.5 amp.)
45 degrees from the former、is introduced against the practical difficulty for the accurate
determination of the zero line on the fluctuating records of ？1‘゛ariation.　Since the incli-
nation anglｅ　（ｐ＾of the second hot-wire system takes ‾45 degrees･ when ？1 ° O or pure
horizontal current、 we can draw the zero line of ？1-ｃｕｒｖeby connecting the selectとｄpoints
on (pi-curve ｗhi‘chcorrespond to the lowest points of ffl2-curve.　Consequently, the angle
９１combined with the total air-flow (v) gives ａ measure ｄ the vertical component of the
air-flow (tv) by the relation io = v. sin 91･
2. Thermoiuiiction Technique　　　　　　／
　　　Several thermocouples of copper and constantan wires
are employed for the present study.　The thermoj unction ゛ith
three or five pairs connected in series is used t６measure the
fluctuation of the air temperature and its cold joints are
covered by paraffin and cotton, as shown in Fig. 4. It is suf-
ficient to treat　the cold joints keep constant temperatu「e
during the short time intervals of two minutes or more｡
　　　The vertieal lapse-rate of temperature, assuming ９７/∂ｚ
≒ｊＴＩ∠たwhere∠1ｒis the temperature difference between ver-
tical small distance ∠μ,is measured by the two junctions with
five pairs in series, which are fixed on the arms with change-
able angle making any desirable distances between them. (see
Fig. 5)
　　　To measur‘ｅthe fluctuations of mixi‘ng ･ratio, Sheppard
and EInesとｒ｀scircuit [2]is employed which is shown in
Ｔ
Fig. 4. Circuit diagram of
five pairs of junctions in
series.G : Galvanometer,
TI:Standard temperature.
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Fig. 6. The wet-bulb junction (Ｔ。)with-four pairsin series,being twined two times by
Qma.χ.1司
Fig. 5.　Circuit diagram :of laps､ｃrate of temprature thcrmojunction.
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Fig. 6.　Circuit diagram of mixing-ratio ther°ojunctio・. Ｔ: dry-bulb･ Ｔｇ:
　｀゛et-bulb,R,, R,:resistance boxes, G:galvanometer. W: water reservoir
cotton fibres, may give some timやlag of the fluctuation curves.　　However, the time lag
may be considered as negligible for the wind over ca. 30 cm per second. In fact, we ｃａｌ!
see that the deflection of the galvanometer does not show any change for the ｀゛ind over
ca. 30 cm. Dry-bulb junction T&nd two !ヽeferencejunctions ７ｏhave four pairs in series
and the latter two junctions‘are cove･図d by cotton to keep constant temperature within a
short time interval 0f two ｍｉ‘nutes9ｒover.　The apparatus is supported so that the plane
of the wires of junctions can be in the vertical plane, (Fig.ﾌ).tｏ avoid the small change
of the galvanometer reading which often appears following the directional change of wind.
　　　The mean mixing ratio ひ) at the two points of vertical distance ∠izare measured sue-
　　　　　　　　　　　　　　　　　　●　　　　　　/　　　　　　・cessively by the apparatus above mentioned or Assman's aspirati‘on psychrometer, and
the value of ＆/∂'zis calculated assumingボ/ぷ≒=み/∂ｚ.
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Fig. 7. Scheme of mixing-ratio thermoj unction.
3. Recorder
５
　　The outputs of the circuits of the follov゛ing six elements are photographically recorded
by means of Takasu's Siχ points simultaneous self-recorder [3]；
　　　　(i) Hot-wire anemometer as the total air-flow meter (む)
　　　(ii) Hot-wire anemometer as the inclination-meter (91)
　　　(iii) Auxiliary hot-wire anemometer (？2)
　　　(iv) Thermojunction for fluctuation of temperature (7･)
　　　(v) Thermojunction for lapse rate of temperatureヽ(３Ｘ１-３２)
　　　(vi) Thermojunction for fluctuation of mixing ratio (r)
　　　The constants of the recorder are as follows ； Period of the free oscillation of each
galvanometer is 0.5 sec.　Time scale of the record is ca. 0.2 cm per second and the time
interval needed for one rotation of the drum is ca. 2 minutes.
4. Reduction of the Record
　　　The method of the reduction of the record is illustrated by an example. The record
from g h 00 m to ９ｈ ０２ｍ on Aug. 13， 1954 at the salt-field of Sakaide, is reproduced
in Plate l. The record is divided into l 20 subintervals.　The mean values of five ele-
ments for each subinterval or one second, can be given by the following way;
　　　　(i) Find the lowest points of (p2-curve, and mark the cor「esponding points which
show 91 ° Oon ？1-ｃｕｒｖｅ(ａ，b3 c5 d5 e in plate l).　The zero-line of ffln-curve can be obtained
by drawing the mean straight line passing through these points.　By using the calibration
curve, the scale of <pi-curve can be determined.　　　　　　　　　　　　・　　　。
　　　(ii) Read mean values of ？1 within the subintervals or one second. These values
6.58
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　　　　　　　　　　　　　　　　4　　　　　　　　　　　　　●■are listed in column ｌ in Table ｌ.
　　　(iii) The values of sin？l are listed in ｃｏ】umn ２.
　　　(iｖ)Ｔｈｅ mean values of V or total air-flow within the subintervals are obtained by
the similar manner as (i), (ii), and are listぐdin column ３.
　　　　(Ｖ)Ｔｈｅ vertical component of the air-flow w for every second can be calculated
by w=v. sin ？l and these values are listec!in column ４.
　　　(ｖi)Ｔｈｅ mean value of w is calculated during the whole period or 120 seconds (iO)
and fluctuations (wりａｒｃ･gained as 切´芦辺゛‘９.These values are listed in column ７.
　　　(vii)　The mean values of temperature (T) for every second can be obtained by the
sａｎ!ｅprocedure and ａｒｅ】istedin column 5;I
　　(viii) Take the mean value of ７ during 120 seconds、and fluctuations of
ｒ are defined
as T' = l･一 ?. These values are listed in column ８.
　(ix) The mean values of mixing ratio for every second (r)･are also given by the
similar way and are listed in column ６. ‘
　　　　(x) The mean value･of T during↑20 seconds (りis calculated and the fluctuations
　　/(r) are gained as 7/＝ｒ一戸.These are listed in column 1 0･
　　　(xi) Read the mean values of temperature difference (∠iT) between vertical two
points (∠dz)for every second, and take total mean within whole interval of 120 seconds
and ca】culateｊr/∠iz.ｆ圃＝－85〉く１０-４・ｃ|cm for the example･
　　　(xii) The lapse rate of mixing ratio ボ/∠izis obtained by the two observations carried
out during the recording peric d and got AfjJz ° － 6.5×10‾3gｒ/kg. cm.
　　　(xiii) The °ｅ゛ ゜ixing length foけ≠iperature is given by らニr゛ｅ'
ry second ３阿lthe one second means of び7‘､゛elistedin colu°11 13.
　　(xiv) The verticaleddy flux for heat (H) and for water vapour (9)、Austausch CO-
efficientfor heat (At) and for water vapour (４)、and also eddy diffusivityfor heat (Kt)
and for water vapour (Kr) can be calculated by the formulae of
　　-H=c,p切″Ｔ″
　　-
４＝一回J
　-
０＝ pｗ　Ｔ
疋 =一
　　　　　　　　　　　　　　　　　？予“二　　　　　。　　ｉ浮
　　　　　　　　　　　　暇゛･‾石万瓦〉　し　　尺｀゜‾‾函ｱ蕊こ
whereら:=0.24 is specific h皿t of the air at constant pressure･ and pニ0.00129 gr/cm^ is
density of the air.　　　　　　　　　　　　、ブ
　　　（ｘｖ）　Theresult of the example 4s given in Table ２.
　　　　　　　　　　　　　　　　　　　　　　　し
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5. Result of the Observation　　　　　　　　　　　　　　　　　　　　　　　　J
　　　Observations by the above mentioned method were executed for three years from
1954 to 1956 under various environments. The results of them are summarized as follows.
　　　　(i) Observations were ｅχecuted in the play ground at Kochi-University, Kochi
Prefecture, on Jul. 23-i24 and Dec. 2ト22， 1 954.　The size of the ground is ca. 200m from
east to west and ca. 100 m from south to north and the observing point is 50 m to the west
of the wall and 50 m from the north wall. The measuring level is l m. The play ground
is covered with dense grass ca. 20 cm high in summer and becomes bare in winter. The
resu‘Itof the observations is listed in Table 3 and 4｡
　　　　　　　　　Table 3　Jul- 23-24, 1954。on the ground surface at Kochi Ｕ?゛ersty
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Table ４　Dec. 21-22, 1954 on the ground surace at Kochi University
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　　　(ii) On August, 1 954, T･ Ｋａ｀゛ahara, Prof. of Mie University, executed synthetic
observation on the surface of the salt-field of the experimental station of the Monopoly
Corporation at Sakaic!ｅ、Kagawa Prefecture and the writer took occasion to take、 part in
the observation on Aug. 10－13.　The salt‘field is about l km from south to north and very
wide from east to west. Observing points were selected in the following two ‘types of salt-
field、that is、Iｒｉｈａｍａ　ａｎｄ御前α.The selected point in 奮＆ｱｱ■ziz-type is ca. 50 m from the
south embankment to north ｃ４. 500 m from the east ｏｎｅ、and in Ryukα-type the observing
point is ca. 10m from the south embankment and 100 m from the east one.　The measuring
level is 80 cm in both cases.。
　　　The surface of the salt-field is supposed to be flat and homogeneous over wide
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area, though the piles｡ofsand about 30 cm high and l m square are put here and there･
The main wind was northerly passing over the wide area during the time of observations.
The result of the observations is listed･inTable 5.
　　　　　　　　　　　　　　　Table5　Aug. !0-13,1954on SakaideSalt-field
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　　　(iii) On August, 1956･ the micrometeorological study group of Meteorological Ｒｅ｀
search Institute of Kyoto University, under direction of Prof. T. Namekawa, carried out
micrometeorological observations on the water surface at Miura-dam, Nagano Prefecture
to help the measurement of evaporation from the water surface which Vへ/asundertaken by
the Kansai Electric Power Company and the writer had opportunity to take part in the
group from 10 to l3 th.　A pier is °ade about 15 ° into the water surface and l O ° off
the gate of the dam.　Ａ point of the observation is selected ca. 1 0 m off the shore on the
pier, and the measuring le゛elis l m. The instruments for the obser゛ation are fixed on the
pier and the recording apparatus is set on the shore.　During the observing period SW-
wind surpassed and its running distance was about 500 m and it may be thought that the
water surface is wide and homogeneous.　The result is listed in Table 6.
Table 6　Aug. 10-13, 1956 on the water surface at Miura dam
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　　　(iv) In the middle of February、1956、the micrometeorological study group of Me-
teorological Research Institute of Kyoto University、 under direction of Prof. T. Namekawa
carried out micrometeorological observations on the snow surface at Hirugano Heights、
Gifu Prefectureけo help the artificialthawing experiment by spraying carbon black po゛der
over snow surface which was undertaken by the Kansai Electric Power Company and the
writer took part in the experiment.　The point of the observation was selected on the snow
surface on the gently undulated heights and the measuring le゛el ゛ａsl m.　Consequently･
the sufrace is thought to be flat and homogeneous over wide area.　71ﾌhe result is listed in
TableフOne exa･mple over blackened surface by carbon powder (about l o gr carbon
black powder per ｌ meter square) was gained on Feb. 15･ 1 5 h 45 m･　　／j　｀
　　　　　　　　　　Table７　Feb. 13-16、1956on the snow surface at Hirugano Heights
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PART II.　NOTE ON THE QUANTITATIVE DETERMINATION
　　　　　　　　　OF AUSTAUSCH COEFFICIENT
11
1｡Introduction
　　　It is clear that the determination of Austausch coeflficientis a fundamental problem
for micrometeorology.　Accordingly、 various methods to calculate the ゛alues have been
proposed、but the numerical values calculated by those methods do not usually coinside
with each other conspicuously and reliable values can not be determined. Comparing the
values which we have gained by the method described in Part l with those gained by the
other methods and examining the ｖａ叫esand criticizing those methods･ we ｈａ゛ｅattempted
to give some light for the difficult numerical determination of the Austausch coefficient.
2. The Critique of Swinbank and Ueta's Method　　　･.
　　　The method which was devised by Swinbank is to be recommended as a direct method
measuring ゛ertical eddy velocities (w') without any assumption about eddy mixing.　' Fol-
lowing the view above mentioned, we adopt this method in our present study.　But accurate
measリｒｅ°ent of vertical eddy ゛elocity is generally difficult and erroneous.　　Though we
have executed measurements with thorough attention, we are　also afraid of including
some errors in the results.
　　　Swinbank[1]took five minutes for the interval of time mean and Shiotani [2]one
minutes, but Ueta, the present writer, takes two minutes. We can show by an example
that the taking the two minutes time mean is sufficient for our purpose･ apart from the
gene°l discussion. In Fig. 1, 10-120 seconds time mean values of the fluctuating elements
are plotted 1 0 seconds step. By this graph, it can be known that these time mean values of
various elements tend to nχed values, respectively, and that the time mean values beyond
50 seconds are thought to be independent of the ti°ｅ°ean inter゛als･
　　　Austausch coefficients obtained in our present study are listed again in firsttwo colu°ns
in Table l. Austausch coefficients for heat (Ａｔ)ｄｏnot agree with those for vapour (Ar) in
general.　Referring to the fact that humidity measurement is comparatively difficult and
erroneous, it ts thought that one has much confidence for At than foｒＡｒ.Ｎｏ゛ then･ the
discussion from our observed data whether j7，is equal to 疋ｏｒ not must be held back.
Austausch coefficients for momentum (ｊ｡) are added in 3rd column of Table ｌ by the
　　　　　　　　　　-relation of ｊ＝一郎‰ソ0u.l'dz). They arie calculated only for ａ few cases in which wind
observations at two levels were carried.　In general, values of ｊ， do not agree with At
and moreover, unreasonable negative values oflj･｡ appear twice. And so the values of ｊ・
gained by this way are not so trustworthy･
　　　In the report gained by Swinbank [I], good agreement of At with ｊ， can ｎｏt‘beseen,
and unreasonable negative values of the coefficients appeared rarely but they are excluded
from his table.　He [3]has culculated out ４ only in two cases but these 疋ｄｏ not agree
with At and one case of them gives negative 薦.　The results gained by Shiotani [2]are
generally the same as those by Swinbank. The numerical values of Austausch coefficients
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Fig.】.　10-120 seconds‘time mean val唾s）りhe fluctuating elements plotted･ 10 seconds step for the
　　example of Aug. 139 9h 00m, 1954, at Sakaide Salt-Field. Table　2
　　　　－　Ｔ : Temperatりre、ｒ､:Mixingratio。
　　　　　　　ｗ':Vertical component of wind velocity･
　obtained by botｈ、are greater than those by､the present
　writer and its reason is thought to be attributed to
　diffe:renceof measuring heights.　　'
　　　It has been pointed out by Milllei･[4]and Lettau-
　Schwerdtfeger[5]that distribution､of eddy vertical
　velocity {w') obeys Cornu's law.　Ｔ≒･resリIts of exam-
　ination by our observations on this assumption are
　shown in Table ２.!ｎ our case。the percentage errors
　　　　　　　‘2　　　　　　　　　‘　　'・･●　　'
　of(2Jyr7Tア刀):77 are greater than the value of
　10% given by Milller､･but i､tcan be s昨ｎ that the
'･distribution of w obeys roughly､Ｃｏｉヽnu'slaw｡
　　　Generally speaking、 it is assumやd that momen-
　tｕｍ、heat and water vapour are transported　only
　by eddies within the lowest atmospheric layer attached
　to the wide and flat ground surface and convective
　transfer with time mean vertical velocity is､neglected、
　or iZ)= O. But our observational results show that ｇ
　ｅχists、thoughvery weak as ･listedin Tab!ｅ」. It must
　be remembered that Swinbank's method refers eddy
　transfer only.　　　　　　　　　　　　、　　　｡、、
Date
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1955
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21 xii
21 xii
22 xii
22 xii
一一
Time
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2325
1030
H50
1359
1710
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2230
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1405
1635
Ｈ25
1440
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1920
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　　　　　　　　　●　　　　　　　　Table ｡1.，
１３
Swinbank-Ueta Ertel Takasu
Mean
state
Seo
Site Date Time j7･ 希 j,71 At 柔 At 柔 j,71 ｊ
　　　－　　　籾
(cm sec-1)
で
－
りC
.!ｺﾞ
吋
ぴり
19 ４
　Ｖ
　Ｖ
　Ｖ
　Ｖ２Ｖ
３Ｖ
３Ｖ
３Ｖ
３Ｖ
030
150
400
710
920
909
H25
1405
1635
0.61
0.73
0.62
0. 14
0.28
0.60
0.78
0.75
0.35
1.23
0.63
0.43
0.34
0.76
0.85
1.26
0.34
1. 18
0.63
0.89
1.02
0. 16
1.70
　1.43
　1.92
　1.95
0.64
　1.82
　2.01
　2.01
　2.59
　0.22
3.44
4.31
1.09
2.56
2.03
3.66
7.68
5.60
4.21
0.58
0.79
0.89
0.24
0.83
0.50
0.59
1.64
0.09
2.27
2.04
0.62
1.01
1.09
1.88
3.30
2.51
2. 15
1.08
0.72
0.51
0.25
0. 12
0. 14
0. 12
0』3
0.002
0』2
　10.6
　-0.9
・5.8
. 3.5
　5.2
　9.2
　-9.2
　10.0
-10.0
ｔ
－
　りに
　＞ry・Ｏ
　C
ぴつ
19 ６
３
３
４
４
４
５
５
１
１｀
ｌ
ｌ
ｌ
00
50
20’
35
05
心0
45
2.74
1.43
0.01
0』8
0. 18
0.25
0.40
0.20
0.002
0. 17
0.03
0.46
0.93
　1.25
　1.58
-0.35
383.ﾌ0
　　0.94
　25.48
　　1.40
　　0.80
　　2.85
　　1.00
1.34
1.46
1.40
7. 10
1.35
2.48
46.07
　7』4，
　0.09
　0.53
　0.54
　1.20
　0.65
0.98
0.73
3.23
0.54
ヽ0.69
　1.79
-13.5
　H.0
　　1.3
　　2.3
　-4.8
　　1.2
　　2.6
り
Ｕ｛
コ
哨
la
Mμ
19 6
O viii　1435
O viii　1600
O viii　1730
l viii　645
l viii　H40
l viii　1500
l viii　1715
l viii　1730
2 viii　1050
2 viii　1415
3 viiレ　640
3 viii　725 ，
3 viii　915
3 viii　H00
3 viii　H40
3 viii　1400
3 viiレ1545
3 viii　1555
3 viii　1705
0.77
0.25
0.02
3.42
0. 10
0.49
0.20
0.40
0. 14
0.33
0.93
0. 15
0. 13
0.79
0.34
1.47
1.32
0.60
」.10
0.41
0.02
3.51
0. 17
0.32
0』1
0. 11
0.50･
0.91
0.H
0.20
1.03
0.02･
.0.94
0.22
　0.02
　0. 19
-0.29
　〃　｜
　4. 13
　3.34
　1.76
　0.40
　0.34
　2.04
　0. 10
　3.66
　0.ﾌ0
　1.90
　9.25
　0.96
　1.88
　0.76
　3.48
　6.84
・10.06
　8.46
　6.07
　0.01
　0.22
II. 14
15.41
　1.04
　1.04
　3.63
･3. 18
　1. 18･
36.72
　1.96
　1.43
　1.68
　0.28
　2. 13
　3.48
　0:39
」.52
　0.H
　0.28
　1.61
　6.05,
　2.87
　0.61
　1.36
　0.71
　0.76
　0.98
　0.27･
　0.07
　2.37
　6.84
10.75
　3. 17
　0.40
　0.0ﾌ
　6.38
11.09
　0.74
　2; 67
　1. 17
　0.47
　0.99
　1.04
　1.63
0.92
　0. 10
　0.35
　1.21
Ｊ 　　　10.9･
　　　17.3
　　　　7.j
　　　16.5
　　　21.3
　　　26.3
　　　37.0
　　　12.0
　　･､12.8
　　　20.0
　　　41.8
　　　-1.0
　　　-5.3
・　42.2
　　　17.5
　　　29.4
　　　7.5
　　　-7.8
　　　-1.4
J,.(Mean state):Austausch coefficient obtained from vertical profile of wind velocity･
2. TV】ｅCritique of Ertel's and Takasu!ｓ Method
　　　H. Ertel[6]has shown that Austausch coefficientscan be calculated by the follow-
ing equation from the finりrecord of fluctuating elements (s) such as velocity and tｅｍ‘
perature.
A = pSM･s。(音)/(与y
晶ｅｒｅ＆(5)う/ｊﾔｼﾆ疋､S｡(会)＝ -
ぷy
－/ﾐﾄﾞ1‾こ)≒ｎ八〇＝いよ‥りis
the
n-l
successive value of s taken its mean ｖａ叫ｅwithin the time interval of ∠lt、This method
is convenient by the reason why the process is comparati゛ely、easy and does not involve
the troublesome measurement of vertical component of velocity (籾)、but the basic assump-
ｔ００
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tions as to the eddy mixing must be warranted.　The assumptions v゛hich gi゛ｅthe standpoint
of Ertel's argりement are
　　　　　　　　　　s'=-l'･-ＳｓlBｓ
and Prandtl's assumption of
　　　　　　　　　　ど＝一で?
He eliminated c by using the relation of
?????
(s'=s-s)
which means conservation of s and derives the above mentioned formula.
　　K. Takasu［7］pointed out that the.relations (2) and (3) could not be established
simultaneously, and he used Hesselberg?s statisticalrelation of
･＝ヤ
)ｎｏｆ(3)，
ｊ＝誓
　　　　　　　　　　　ｃ＝4戸　；　　　　　　　　　　　　(4)
instead of the adoption of (3),･and gained the following working formula
where Ｐ is mean period of eddy oscillations.
　　The Austausch coefficients calculated with Ertel's and Takasu's methods from our
observations、taking AT=､1 sec are listed inﾌﾞcolumn ４－7in Table l. But the results gained
by these semi-direct methods､do ｎｏtshoｗ､､good agreement with our results.
　　The assumptions expressed byﾚｅqμations (1) and (2) can be examined by our observa-
tional data. Mixing length(Z'r)can be obtained by equation(l)from the records of temperature
variations and its correspondence tｏμ/4ｒど｡ホown in Fig. 3 and 4 for some selected examples.
We have an example in which the relation shown byべ2) barely established、 (Aug. 13、9h
00m in the salt-field at Sakaide) (Fig. 2)。but the relation does not hold in the other
　　　　　　　　　　　　　　゛‘　　　　ブtT‘　｀　　w'(c/m sc（") I
即･
????
‘100
??
?
??????
????
?????
?
????．
? ?
???????????
?
?????????
ｏ･ -50 ???
, ０
??
　　５０
０　・
??????．??．?????
??
5０
??
?
ヽ
??????
　○　　○
　　○
-
｀こ｀ヽa、、、
　　.００
?????
?
????
??
???｛?
????
?
? ?
?
Fig. 2.　゛♂－F diagra｢Ti on Aug.!3･,9h 00m, 1954 on the salt一一fieldat Sakaide.
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　　　　　　　Fig. 3. tが－1りdiagra°l o“ Aug. 13s 9h 20°3 1954 on the salt-field at Sakaide.
examples (Fig. 3).　Moreo゛el｀･the observational examination for the basic assumption of
切111-くO is failed. Finding
I't from temperature record by the aid of equation (1) and
adopting measured w , the signs of w'I't are examined for 26 examples from our data｡
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　4The results show that no example can be found showing that all the individual ゛alues of
ぶZVis negative, and positive values oiw'l'r are always mingled more or less. N- denotes
the ｎｕmb!?ｒ of negative ?が7･andＮ．the number of positivｅＷｌ’Υ,ａnd then we get the results
of examination shown as
　　　　　　　　　　　　　10 cases of　1/3<ＮＪＮ-く1/2
　　　　　　　　　　　　　　3 cases of　　　　Ｎ，ＩＮ-≒I
　　　　　　　　　　　　　13 cases of　l/2<肌/Ⅳ-<I
3･ Critique of the Indirect Methods for Finding Austausch Coefficients
　　　(a) The method to calculate AustauBch coefficient from vertical profile of
　　　　　　wind velocity
　　　This method is widely used for the sake of comparati゛ｅ simplicity.　It must be noticed
that the method is derived by aerodynamical analogy, under the assumption of logarithmic
ｗiりd profile, i.ｅ･。　　　　　　　　　　　　　ｊ＝ｐＪｃｕ＊町
゛,'hen u=(ujk) In z/zo･ ゛here u^
is friction ゛elocity･ んis Karman's constant (ニ0.4)･p is
density of the air. Zn is roughness parameter.　The observation on the salt-field at Sakaide
is taken up for testing examples.　It can be seen that the observed profiles nearly obey
the logarithmic law as sｈｏ゛n in Fig. 4 and the values obtained by this method are com-
pared with those obtained by our method in column ８ in Table １. Notwithstanding the
method ill゛olves so many assumptions, the result is comparatively good and the ｇｅｎり｀al
agreement can be found between them at least in order of magnitude.　But it can not be
recognized that they quantitatively agree.
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Fig. 4.　Logarithmic wind profile on the salt-field at Sakaide, on Aug. 11, 1954.
　　　(b) Thermal balance method
　　　Another indirect method is contained within the systematic thermal economy. The
sum ｏｆ(£十V) can be found from thermal balance equation as
　　　　　　　　　　　　　　　　　　　S一Ｂ＝Ｌ十Ｆ
where£is eddy transfer of heat from the ground, F is heat transfer of evaporation or con-
densation at the ground、 S is heat flux of net radiation at the ground and 召is heat flux into
the ground.　And Boｗとｎ ratio£./Fcan be eiven as the ratio of observed values of vertical
gradient of temperature and that of specific humidity allowing that Austausch coefficients
for heat and water vapour are equal or j7'゛４.　Finding 7L and Fby the relations above
mentioned、we have
　　　　　　　　　　ｊ＝－£/ｃ。管　　or　　一叩７-毎
where ７ is the latent heat of water｡
　　T. Seo's observation [8]of thermal economy is carried out at the same time with OUI
observation on the salt･fieldat Sakaide. The calculated values by this method are compared
with ours and listed in column l o in Table l . But satisfactory agreement can not be found
between them.
　　　　　　　　　　　　　　　　　　Conclusion and Summary
　　　The paper gives only some ｉ?brmation on the author's effort to develop an extremely
difficult but serious problem of the numerical determination of Austausch coefficient.
The chief points of contribution are as follows:
　　　　(i) Swinbank's hot wire technique is slightly modified, i.ｅ･，the accurate determi-
nation of zero line of inclination meter becomes easy by attaching an auxiliary inclination
(<P2) meter which has the same form as the main inclination (ix>i)meter but the hot wires
rotated 45 degrees from the former.
　　　(ii) Employing modified Swinbank's method, observations are carried out and some
data of comparatively reliable values of Austausch coefficients are added.
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　　　(iii) The existing methods to find the Austausch coefficients are critically discussed
and it is noticed that no reliable coefficients can be found by any semi-direct or indirect
method.　　　　　　　　　　　　　　　　　　　　　　　　　..
　　　　　　　　　　　　　　　　　　　　　　　References
】. W. C. SWI.MBANK : An Experimental Study of Eddy Transports in the Lower Atomsphere. Division
　　of Meteorological Physics Technical Paper. Ｎ０.2, 1955.　　　　　　　　　　　　　　｀
2. M. Shiotani : On the Fluctuation of the Temperature and Turbulent Structure near the Ground.
　　Jour. of the Met. Ｓｏｃ･Japan･ Jul. of 1955.
3. W. .Ｃ‘SWINBANK :The Measurement of Vertical Transfer of Heat and χ-VaterVapour･ Tour. of Met.
　　1951.
4. Mu!■I.ER: Storung der ＼へ/indstromung und des Austausches uber einem Gebaude. Zeit. Geophys.
　　12(1936) 173.
5. H. Lettau und W. SCHWERDTFEGER:Vertikalaustausch in Unmittelbarer Berechnung. Met. Z.
　　50(1933)47.
6. H. Erte!.:Eine Methode zur Berechnung des AustauschkoeflBzienten a us den Feinregistrierung der
　　turbulenten Schwankungen. Gerlands Beitr. 25(1930):279･
ﾌ. K. Takasu: Microclimatic Study III. A Working Method for Finding Austausch CoefBcients from
　　the Records of Temperature Fluctuations. Univ. of Kyoto, Series Ａ，ｖol.χxvii, No. I, 1953.
8. T. Kawahara:Natural Condensation of Sea and Salt-water. (in Japanese) Gakujutsu Shinko Kai
　　(1955) p. 234
１８ Research Ｒりports ofthダKochi University Vol. ﾌ,No.ﾌ．
PART III. NOTE ON THE THERMAL STRUCTURE OF
　　　　　　　　　　　　　　　　　　　　　●．「　　;●．THE ＢＯＴＴＯＭ･LAYER IN THE ATMOSPHERE
　1. Introduction　　　　　　　　　　　　　..
　　’ltis attempted to show the fine･thermal structure of the botto° layer in the atmos-
phere with the data gained by a fj゛ observations carried out for this purpose by the method
which the author has used in the previous study ［I］. The study is conducted to realize
the turbulent statesin the loｗとstunstable layer which often appear in sunny summer days.
This kind of turbulence is called“thermal turbulence” and the study was started in recent
・　　　　　　　　　　　　　　　　　　　●●II　l　　　　　　　　　　　　　　　　　　　　　　　　f
year by O.G.Sutton and others［2］iﾊﾟtroducing the upward motion caused by the buoyancy
force of warm air bubble.　　’.
　　2. Observed Data　　　　　， ・.　　い
　　　　･Observations were executed in the play ground at the Faculty of Literature and Sci-
　ence of Kochi University, Kochi Prefecture and an obser゛ing point was selected in the
　place ５０ｍ to the west Ｑ｀fthe east ｗa1! and 50 m to the south of the north wall in the play
　ground, ca. 200m along E'W and 100m along N－S･　Observations were carried in the
　afternoon of Apr. 1 3 th and at noor!of 14th and moreover in the early night of l 3 th to
　compare the character in ａ stable layer with that of an unstable layer. During these ob-
　ser゛ations the sky was generally clear and the wind blev゛moderately･
　　　　Observed elements are summarized as follows:　continuous records during ca. 120
　sec of
　　　　　　　　(i) air temperature at 130,ﾚ100, 60， 30， 10 cm heights
　　　　　　　　(ii) horizontal and vertical velocities at 100 cm height･
　　　　These observed data ゛ｅ t゛lでjulatedin appendix･
　　3. Considerations
　　　　The isoplets shown in Fig; 1-3,一男ay be taken up as a representation of the thermal
　structure of the layer considered･。Though those show very complex features･ we can see
　　　　　　　　　　　　　　　　　　　　　Ｉ　，';'･that the cold and ゛arm air successively pass through the observing point.　The inter゛als
　between the successive cold (or‘･warm) masses are not definite, but the predominance of the
　intervals of about 1 5 sec and about ５ sec can be recognized by inspection. The longer
　period of 1 5 sec appears also on the isoplet of the stable layer with lesser intensities (Fig･
　l and 3).　Accordingly√the longer period of about l 5 sec can not be taken as a charac-
　teristic of thermal turbuler!ce of the unstable layer. The shorter period of about 5 sec
　which appears sharply ｏｎﾆthe isoplets ;may be rather taken as a characteristic of thermal
　turbulence in an unstable layer, though it can scarcely be traceable on the isoplet of the
　stable layer. The observed data from l:!h 35m 27s to 43s on 14th Apr. are selected to
　　　　　　　　　　　　　　　　　　　　ミ・examine the structure of the alternation of cold and warm masses, and the vertical tern-
　psrature profiles for e゛ery secoi！dare pl‘ottedas shown in Fig. 4.　Broken line in the figure
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shows l 00 sec mean temperature profile.　It shows that the warming stage of 8 sec from
35 m 29 s to 36s and the cooling stage of 4 sec from 38 s to 41 s are separated by ａ critical
stage at 37 sec.　　　　　　　　　　　　二，　　　　　　　　　　　　　　　　　　　　　　ヽ
　　In the warming stage･ all the actual profiles lie in the right hand side of mean profile
without intersection and some higher temperature than that of 1 0 cm height frequently
appears within the layer below 50 cm level.　If we suppose that the temperature rise be due
to the arrival of eddies separated from the mother current of lower warmer layer, it must
be originated from the layer below １０cm occupied by sufficiently warmer air whose
existence is allowable without any doubt though no observational data are given. The mix-
ing process by ordinary eddy is howe゛er unnatural.　It seems to be difficult to dedu‘ce the
required comparatively long mixing‘length from the eddies supposed to be ｎｏりtrong near
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ダthe contact layer. Under- these circumstances, the bubbling hypothesis of warm air mass
seems to be rather natural. Predominance of upward motion during the warming stage
and downward motin during the cooling stage can be recognized, at least during the ex-
amined period, by the ゛ertical components of wind observed at the le゛el of 1 00 cm high
shown by the upper portion of the isoplet.　This relation is,however, not clear in general
and the measurements of some lower level are required for the study of the mechanism of
the mixing process within the lowest air lay‘ｅrs･
　　　The interval of the examined one cycle is 13 sec which nearly coincides with l5 sec
period, i.ｅりthe longer period of altとrnation of warm and cold masses.
　　　It must be remembered that the longer period can be found even in the layer with
stable stratification and is not the characteristic of unstable layeらwhile bubbling of the
x･varm air occurs only in the lowest layer by intence surface heating･
　　　The harmony of the apparent contradicted‘facts may be established by supposing the
upward motion due to the eddies with longer period･ however weak, to stimulate the bub-
　　　　　　　　　　　”　　　　　　　　　　●　　　　　　　　　　　　｢bling process of the ゛ａ「゜air mass.
　　　This report gives only ａ note on the subject and further researches are desirable.
　Acknowledgements　　　　　　　　　’・　　　　　　　　　　　　　　　　　　　　，
　　・The author ･wishes to ｅχpresshis indebtedness and sincere thanks to Professor Ｔ.
Namekawa, the Director of‘Meteorological Research Institute,Kyoto University, for his
kind guidance.　　　　　　　　　　　　’.
　　　　　　　　　　　　　　　　　　　　　　　References
1.　Ｈ.Ueta,:　Study on the Quantitative Determination of Eddy Exchange Cofficient. Part. 1.
　　Research Reports of the Kochi ｕni゛ersity.Vol. 75No. ﾌj 1958ﾀ（inthisPaper).
2. O. G. SurroN:　Micrometeorology. 1953　　　　　　　　　ブ
　　G. K. BATClllil.OR:　Symons Memorial Lecture-Heat convection and buoyancy effectsin fluids.
　　Quarterly Jour. of the Royal Mit. Society. Vol. 80,Jul. 1954
Rescarcl? Repc r.tsof ihe Kochi University Vol. 7, No. 720
????????．????
???
?（）｛
?????????????????????????????????
?????
?????
??????????????????????????????
?????????????????????????????????????????????????????）???????????
?????????????????????????
????????????????????????????????????????????????
???????????????????????????????????????
??????
??????
??
??
??
??
??
??
●
○
－
Ｃ　　Ｏ　Ｏ　Ｑ
Ｑ　　CO　－
（ ） （ ） ?
畠
－
ｏ　ｏ　　Ｅ
－べり
　１　　１　　　り
??』〜
○　○　○　○
吋h CO (N　－･
??????
２１Study on the Quantitative Determination of Eddy Exchange Coefficient(H. Ueta)
????????????
?
?
???
???
○
一
一
呂
－
???????????????
??
｀ｔ‘ぶ’
???????????????
?????
??
??????
????
?????．???????????????????????????????
???????????????????????????????????．?????
??
??
??
??
??
ｇ
Ｓ
○
－
９　　ＥＳ　８　　Ｓ　畠９ｃ
自　　　Ｕ-．　-･
○
Ｓ
○　　○○　○,。字。c。－
??????
Research Reports of the Kochi University Vol. 7, No. 7.22
????????
??????
??????
犬:
○
一
一
呂
－
?????????????
????????????????
????
????
?? ． ??????????????????????????????
??????????
?????????????????????????????．??????
Ｓ
Ｓ
Ｒ
Ｓ
Ｓ
♀
Ｓ
Ｒ
○
-
???????
○　　○　○○
Q　　Cり　－s９　Ｈ呂　旦
５-一一
Study on the Quantitative Determination of Eddy Exchange Coefficient(Ｈ.ＵＥＴＡ)
/・‾‾'゛72]－’
/”/／／／
／／”
"〃〃”
"”
）／’　／/／／”
"〃〃”/
)一一七”‾　　　　　．一゛
"〃∽"”"””
／
"〃〃〃"
"〃"
ｇ
－
"”
"””
呂
－
"”
"”
"
二
”．／”””
／
Ｓ
????????
????????
????????
Ｓ
　帛
巴
????????
Ｒ
2S
巴
里
　g;
雲
　　日
　　･Ｑ
/／
／／／／”
つ
/””
/
一　一一一
〆〆／〆〆〆〆
／
"〃〃”””
-〃〃””
○　　○　○
Cり　　　四鴫　’
??
呂
－
"゛"”
○
Ｑ
○　　○　○
ぎt　　゛‘｀
???
??
?
??
∽
-
23
?????????????????????????????????????????????
???
??
??
??
???
?
?
???
C刀
－
　　Q
　　Cり
α⊃
-
C乃
-
　　α⊃
　　Cり
?
???
Q
－
卜
en
Ｒ
　Ｓ
巴
????????
????????????????????????????????＝???????????????
??????????????????????????????????????????????????
?
　　－　一
Ｑ　Ｏ　Ｏ
●　●　・
　　-　-
Ｑ　Ｏ　Ｏ
●　●　●
Ｑ　Ｑ
C Q　Ｃ
●　●
Ｃに£）
一
口　Ｑ
●　●
Ｑ　Ｃ　Ｃ
●　●　●
~　心　Ｑ
-
　　-
Ｑ　Ｑ　Ｏ
●　●　●
to 00　０
-　　-
Ｑ　Ｑ　Ｏ
●　●　●
り
Q
心-
Ｑ
oo
-
ぱ）
－　－
○　○
●　・
－　－
○　○
??
Ｃ　Ｑ
●　●゛
Ｑパ○
-
ぱにＱ
●　●
･-　-
○　○
●　丿
Ｎ)I　OS
－　－
○　○
●　●
CO ｡ ９?|
－　－
○　○
●　●
???
??
??
??
????
∞　り　Ｃ
●　●　●
Ｕ⊃　Oi　Ｃ
-
　　　-∞ Ｃ　Ｃ
●　●　●
ぱ）Ｃ乃　○
-　　　-
Ｑ　Ｑ　Ｏ
●　●’“　●
Ｏ　Ｃ⊃　４一
一
　　ｆ　四口　Ｑ　Ｏ
●　●　●
ＫｺＩ　Ｃ⊃→･･|
　．　四り　Ｑ　Ｏ
●　●　●
O3　Ｕ⊃　･一
一
　　●　←●
Ｑ　Ｃ　Ｏ
●　●　●
トバい･-･
-　　　-
Ｃ　ｑ:）○
●　●　●
吋りl　s一万
　　　一口　Ｃ　Ｏ
●　●　●
Ｎ）Ｃ⊃　←･
-　･　-
Ｑ　Ｏ　Ｏ
●　●　●
Ｎ）Ｏ　ｓ-
-
　･　-Ｑ　Ｏ　Ｏ
●　●　●
LP　Ｏ ’ｓ-･
-
　･　-Ｑ　Ｏ　Ｏ
丿　●　●
Oi　Ｏ　Ｏ
-
　・　－en o ' o
●　●　●
４　０１　０
Ｑ　Ｑ　Ｃ
●　●　●
LO　ＱバＱ
Ｑ　Ｃ　Ｑ
●　●・　●
O3　ａ⊃バ○
Ｃ　Ｑ　Ｃ
●　●　●
Ｑ
　　-
Ｑ　Ｏ
●　●
－
○
ふ
-ｰ
○
－　－○　○
●　●ｏ ａ
－　－Ｐ？
Ｏ　Ｑ
－　－Ｐ９
Ｏ　CJ1
－　－？Ｐ
○　㎝
－　－Ｐ？
－　－
○　○
●　●
ho　４
一一　－
○　○
●　●
???』
　　－　－
Ｑ　Ｑ　Ｏ　Ｏ
●　●　●　●
○　心　○　○
-
　　・　－
∽　Ｑ　Ｏ　Ｏ
●　●　●　●
　　　　　-　-
Ｑ　ぱ）○　○
●　●　●　●
to　ＣＸｺ　○　○
　　　　　-　-
t£）り　○　○
●　●　●　●
C　Ｑ
●　●
ｔ､３　ａ３
-
Ｃ　Ｑ
●　●
????
－　　－
Ｏ　Ｑ　Ｏ
●　ｔ●　●
Ｏ　Ｃ　４
-　　　-
(ぷ⊃　Ｃ　Ｏ
●　●　●
　　　　　　　　　　　－●Ｑ Ｑ Ｃ Ｑ Ｏ
●　●　●　●　●
Ｏ　Ｕい⊃　1Q　Q3
　　　　　　　　　　　－
Ｃ　Ｃ　Ｑ　Ｑ　Ｏ
●　●　●　●　・●
-べJI　CX⊃　ぱ）ＱＯ
　　　　　　　　-　-
00　Ｑ　Ｑ　Ｏ　Ｏ
●　●　●　●　●
CO
ａ３
-
Ｃ⊃
??
???????
だ　口
Ｃ　Ｑ　Ｃ　Ｑ　Ｑ
Ｏ　Ｑ　ヽヽＪ　心　Ｑ
∞　Ｃ　Ｑ　Ｃ　Ｑ
Q⊃
ににこ）Ｃ　Ｑ
４　Ｑ　Ｑ　Ｃ
Ｑ　Ｑ　Ｑ　Ｑ
oｺ　Ｑ　t£］
●　●　●
Ｃ　u>　Ｑ
-
ａ⊃　Ｃ　Ｑ
●　●　●
10 ‘Ol ’･（コｌ
-
∞　Ｑ　Ｑ
●　●　●
∽　ａ　Ｑ
-
α⊃　Ｑ　Ｑ
C
Ｃ一
口
????
??
Q　Ｑ　Ｑ　Ｑ
　　　　　　　　　－
Ｑ　ぱにＯ　Ｃ　Ｏ
●　●　●　●　●
Ｃ　Ｑ　Ｑ　Ｑ　Ｑ
Ｏ　Ｑ　Ｑ　Ｑ⊃　ぱ）
Ｃ⊃　Ｑ　Ｃ£）Ｑ　Ｃ
Q　Ｃ　Ｃ　Ｑ　Ｑ
Ｏ　刈（力　心　∽
Ｑ　り　Ｑ　Ｃ　Ｑ
C
　　　　　　，s==
Ｃ　Ｑ　Ｃ　Ｏ
○⊃　Ｑ　Ｑ　Ｑ
Ｃ　Ｃｊｌ　ふ　∞
ｏコ　Ｑ　Ｑ　Ｑ
????????
○⊃ Ｃ　Ｑ
●　●
(刀　心
-
Ｃ　Ｑ
●　●
∞　Ｃ　Ｃ
●　●　●
ＣバyべＳ
-
∞　にに£）
●　●　●
Ｑ　Ｑ　α3
-
α⊃　Ｑ　Ｑ
●　●　●
Ｃ
Q
????
????
　　　　　　　－
ａ⊃　Ｃ　Ｃ　Ｏ
●　●　●　●
Q⊃
∞
-
Ｑ⊃
心-
CX⊃
∽
笠
戸
笠
CO
Q
Q
Q
心-
Ｑ
　　－
Ｃ　Ｏ
●　●
　－　←ｄ
Ｃ　Ｏ
C
????
ゆ
と
り
り　Ｑ
●　●
へJ　心
-
Ｑ　t£）
●　●
へいＪ
-
t£）Ｃ
●　●
　　　Ｑ　Ｑ　Ｑ.t-　●　●　●
○　○　α⊃　∽
　　　（ぷ）ψ　Ｑ
ふ　丿　●　●
Ｏ　s-･　Ｃ⊃　Ｑ３
　　　Ｃ　Ｑ　Ｃ
ふ　●　●　●
ぱ）にに£）
●　●　●
Ｏ　Ｃ⊃　Ｑ
一
心に£）Ｑ
◆　●　●
Ｏ　Ｃ　Ｑ
-
　一
口　Ｏ　Ｃ
●　●　●
????
??
??
??
??
－　－
９　９
ωつo
－　－
Ｐ９
oo　Ｎ)|
－　－
Ｐ　９
Ｑｓ→･･万
－　－
９　Ｐ
Ｎ)→o
－　－
Ｐ、Ｐ
りI O3
－　－
Ｐ９
　　　　　　　　－
Ｑ　Ｑ　Ｑ　Ｏ
●　●　●　●
１一一４　αコ　00　CO
Ｑ　t£）ぱ）○
●　●　●　●
Q C
　　-
Ｃ　Ｏ
●　●
to　Ｏ
-　　-
Ｃ　Ｏ
●　●
Ｃ　Ｑ　Ｑ
●　●　●
○　心　Ｃ⊃
-
Ｑ　Ｃ　Ｃ
●　丿　●
Ｏ　ａ　CO
-
Ｑ　Ｃ　Ｑ
●　●　●
???
???
???
???????
Q　Ｑ　Ｑ　Ｃ
　一戸Ｐ
:~j o
　－？Ｐ
∽　○
？　？
Q £ ）
Q
OS
-
Ｑ
O3
-
ぱ）
03
-
Ｃ
　　　一
口　C£）○
●　●　●
ぱに⊃　Ｎ）
-　　　-
Ｑ　Ｑ　Ｏ
●　●　●
(jD　Ｕ⊃　しヽｺ
　ｰ･-　-
Ｃ　Ｏ　Ｏ
●　●　●
ぱ）Ｃい､⊃
　－　－
Ｑ　Ｏ　Ｏ
●　●　●
???
??
?????
???
?????
?』
？
辺
Ｑ Q
??????????????????
Ｓ　ｃ　－　Ｑ　ａ　Ｓ　こS
　　　　Ｏ　Ｏ　Ｏ　Ｏ　○
き
１に5 g g 8 S
Ξ
Ｓ
Ｓ
吉
~~
呂
Ｓ
　　　　　　to　←●　－=●I－●　←●
　　　←ぃ･･　Q　C　Q　Q
~　O3　・　●　●　●　●
(T)　O　lO　心　∞　CI（ｺ1
　　　　　Ｎ）　－ぃぃ＝●　四Ｎ）Ｏ　Ｃ Ｑ　00　Ｏ⊃
＝　○　●　●　●　●Ｉ●⊃ 〇 ･一　ω　ω　Q　り
　　　　　　Nｺ　←　←　←ぃ-d
　　　－ぃ=･　C　C　C　Q
　　　O3　●　●　●　●　●
Ui　O　O　へj　α⊃　□に乃
　　　　　Ｎ）　←　－　－　四
　　－　O　C　t£）∽　∞
jO　O3 ・　●　・　・　・
－　○　○　ﾄJ　NO Cji　C乃
　　　　　　ﾄ､⊃　四　四　四　四
　　　Ｍ－　･･●
Ｑ　Ｑ　Ｃ　Ｃ
　　　en　●　●　●　●　●
○　○　←･（７　ＣＸ］　Ｃ刀　ひ
　　　　　ro　←　←　←●　←｜ ←･　Ｏ　Ｑ　Ｑ　Ｏｺ　α）
Jに○　●　●　・　・　・
⊃　Ｏ　ｓ-　Ｎ四Ｑ　Ｑ　、ｊ
　　　　N3　←　←　←d　四
　　to　ｓ-　Ｑ　Ｑ　Ｑ　Ｃ
|
･，０　・　・　・　゜・
４　０　ｓ-･　CJ1　∞　りい71
　　　　　Ｎ）　←　←●　←ぃ－｜　←　O　Q　Q　∞　Q⊃
jに○　゛　　・　・　・　・
Q　O　to　Q　ω　CO　a⊃
　　　　　　N3　四　←d　←　←t､ｺ　ｓ- Ｑ Ｑ　Ｑ　Ｑ
Ｗ　Ｏ　・　・　・　・　・
４　０　ｓ－　Oi　心　CO　Oi
　　　　　ND　←ぃ一　←　－
ｌ　ｓ-･　Ｏ　Ｑ　Ｑ　α⊃　Ｑ
一　CO　●　●　申　●　●
Ｚ　Ｏ　ND O3　４　Ｑ　Ｏ
　　　　bQ　←●.←‘　←‘　←‘
　　ro　s-　Q　Q　C　り
■<^ O
_･- .:　．’．’。こ
oｺ　O　hO　<T)　∞　Cn　CT>
　－ＳＳＳＩＳ
ω．但心仏，４仙石
　　　　　　N3　四　←　匹-　－･
　　　←ぃ･ｄ　Ｃ　Ｃ　Ｑ　Ｑ
４　∞　●　●　・　・　・
－　０　１Ｑ　り　に）（力　Ｑ
｜　゛O -S Ｓ‘Ｓ Ｓ
､Ｊ　召　;､。こ八。６　Ｌ
　　　　　　卜Q　四　－ぃ-ぃ=●
　　　←ぃ一一d　Q　C　Q　り
←4　C3 ●　●　●　●　・
Ol　O　←dl.㎝　へいいjQ
　　　　　　Ｎ）　－ぃ－　s－　←●
　　　~　O　C　Q　Q　Q
　　　心　●　●　●　●　●
り　0　4　4（カ　トj　N）
　　　　　　Ｎ）　←ぃ＝●　←　←●
ｌ　ｓ-　Ｏ　Ｑ　Ｑ　CO　Ｑ
～　１０　●　・　●　●
心　O Ol ^　４　Ｃ　Ｏ
　　　　　　Ｎ）　－ぃ-ぃ-ぃ-●
　　　s－　O　C　Q　C　Q
s－　㎝　●　●　●　●　●
4　O Oi　心　心　to　4
　　　　　　Nｺ　←ぃ==●　←ら一ｉ　ND　Ｏ　Ｑ　ぱ）cｺ　ｃ
ｓ･･　○　・　’ ●　・　●
○ｺ　O　en　CO　CJa　UD　O
　　　　　　FいＱ　←　－ “--●
　　　ｓ●　Ｏ　Ｏ　Ｃ　Ｃ　Ｃ
Kい､J　●　・　●　●　●
○　○　α⊃　○　∽　Ol　a⊃
　　　　　　hO　←●　四　←ぃ=4
　　　N）O　C　Q　Q　C
←･　○　●　●　・　●　●
○　○　㎝　Q3･｀ －-ぃ-d
　　　　　　Ｎ）　－　←ぃ=･●　to
　　　－　←●　Ｑ　Ｑ　Ｃ　Ｏ
ｓ-　ｍ　・　・　●　●　●
㎝　○　hO　ぱ）ａ⊃　Ｑ　Ｏ
　　　　　　Ｎ］　←　四　←　・-●
　　　ND　O　Q　心　Q　Q
←･　○　゜　　・　●　●　●
∞　O　a⊃　CJ1　㎝　hO OO
　　　　　　Ｎ）　－　四ぃ-ぃ－
　　　M　s-　C　Q　Q　Q
－　○　●　●　・　・　・
C⊃　○　○　α⊃　心（ｺ1　心
　　　　　　Nｺ　←ぃﾐぃ-ぃ･●ｌ　to　Ｏ　Ｑ　Ｑ　Ｃ　Ｑ
ｓ-　○　●　●　・　●　●
Ｑ⊃　Ｏ　Ｑ　en　㎝　ｌり　O3
　　　　　　N3　←　←●　←　四NO s-　Q　Q C　C
　　　UI’　●　●　●　●　●○ O　O　Cヵ　Q C_n　り
　　　NO　←ぃ･●　－ぃ-●
Ｉ　ＳＰ？？？・？
ＣＸ⊃　○　α⊃　４（ぶ　○　←･
　　■ NO N3　･－ぃ-　Ｍ
　　to　Ｏ　Ｏ　Ｃ　Ｃ　Ｏ
｜　
-　‥　‥
o o to ' o oc⊃∞，０
１　’｀゜Ｓ　Ｓ　Ｓ　ｉ　Ｓ
４　８　６　OO CO 00　i。
呂
呂
－８
一
石
●-Ｓ
Ｋ
Ｑ§
　　　　　　Ｎｺ　－-d　四　四　－-●
　　　Ｎｺ　O　C　Q　Q　Q
　　　en　●　●　●　●　●
○　○　ω　ゅ　ム　O　N3
　　　　　　N）　－-d　-　←ぃ－
ｌ　ND　Ｏ　にに○　α⊃　CO
　　　○　●　●　●　●　●４ ０ Ｑ３　Ｑ　to　Ｑ　り
　　　　　　ﾄﾞ3　←　加－　－-ぃ一
　　　O3　O　Q　Q　C⊃　CO
hO　CI ・　・　・　・　・
en　O　U　O　4-･　en　∞
　　　　　　に　四　w　匹ぃ－
　　　ﾄｺ　O　C　C　CO　as
　　　O　●　●　●　・　●○ O Q　O　ND　α3　C
　　　　　　ﾄQ　←-　－=●　－　－
　　　N）O　C　to a⊃　C⊃
　　　へl　●　●　●　●　●
○　○　－ぃ－･　W　Oいj⊃
　　　　　　ﾄｺ　←d　←　←-　←
　　　NO　O　Q　C　∞　Q
　　　○　●　●　●　●　●ふ O Ol Q CO　C　O
　　　　　　N）　s－　－　--ぃ-●１　
ﾄａ　ｏ　ｃ　り　Q⊃　Q
s－　ふ　●　●　●　●　・
○　○　ω　ω　ω　Ｑ　Ｏ
　　　　　　ﾄい一
　　　-　O　Q
　　　ぱ）　●　●
00　O　a　O9
－　－　－
こ　Qこい£）
　　●　●４　０　０
｜　’｀゜Ｓ　Ｓ　Ｓ　ｉ　ｉ
｡．　き　ｊ　６　;､,゛ｉ　ｉ
　　　　　　N3　←　－●　←ら-●←･　○　ぽ）C　a⊃　α）
　　　Cη　●　●　●　●　●
心　O　Cｺ･k　Cjl　O⊃　CO
　　　　　Ｎ）　･･ぃ-ぃ-d　恥=-･ｌ　ａ　Ｐ　Ｆ　９．宍　Ｆ
Ｃ　Ｏ　－ぃ-ぃ-　ａ　心
　　　　　　to　－-●　←　－=●　←
　　　ｓ－　Ｏ　Ｑ　Ｑ　Ｑ　Ｑ⊃
　　　ぱ）　●　●　●　●　●4 0　Q⊃･I*. CJi　O　に）・
　　　　　　ﾄｺ　←ぃ･ぃ-　--●
１　
に　ｏ　ｃ　Ｑ　CO CO
ｓ-　○　●　●　●　●　●
４　０　O3　to　Ｑ　ａ　α⊃
　　　　　　to
―
　　　s一　〇　Q
　　　ぱ）．’
O　Ｏ　^JD　ふ
－　-　－
Ｑ　∽　○ｺ
　　●　●
Ｊ　Ｃ　CO
　　　　　　Ｎ）　←ぃ-●　－　←●
　　　－　Ｏ　Ｑ　Ｑ　∽　∽
　　　a３　●　●　●　●　●
○　○　ム　s　ω　Ol　Q
　・　　ND　←-　－　－ぃ-d
　　　←･　-　Q　Q　CO　CX⊃
sべ£⊃　●　・　・　・　・
O　Ｏ　Ｎい4　Cji　U⊃　CO
　－ＳＳＳ･5 5
・Ｓ　ｋ　Ｌ　こ，ふ　６
　　　　　　Ｎ⊃　四　←●　←　－
　　　－　－-● Ｃ　Ｑ　Ｑ　Ｃ
s－　ca ●　●　丿　亀‾　丿
C力　O　Oi　Ln　Oi　O　O
　　　　　　N）　－-●　←●　←　－●
　　　-　O　Q　C　Q⊃　ψ
　　　C乃　●’　　●　●　●　●○ ･○ へ】-　（.いい一一･
　　　・　N　・-　←　－-ぃ=●
　　　知･=4・
－4 ぽにCに£にＱ
ｓべｏ　・　●　・　●　●
○　０　４　ＵＩ･訟　○　○
　　　　　　Nｺ　M－　－-ぃ-ぃ－
　　　ho　O　C　Q　1!⊃　Q
　　　O　●　●　●　●　●
Q3　0　り　M　ム　O　hO
　　　　　　Ｎ）　知･･ぃ-ぃぃ･･
　　　知一一ぃ一一･　Ｑ　Ｑ　Ｃ　CO
～　UD　・　・　●　・　・
O　Ｏ　to　４　４　０　Ｑ
　　　　　　ﾄa　←ぃ-●　←　細･･
　　　Ｎ）Ｏ　Ｃ　Ｑ　Ｑ　Ｑ
ｓ一　㎝　●　●　●　●　●
O3　O　Q3　CO　Oi　O　～
　　　　　　N）　－　←4　←ぃ-d
　　　・-ぃ－　Ｃ　Ｃ　Ｑ　Ｑ
･一一･ -to ●　●　●　●　●
oo　Ｏ　ｓ一　心　CJi　O　O
　　　　　　Ｎ）　←ら-ぃ-d　←
　　　Kｺ　ｓ－　Ｃ　Ｑ　Ｑ　Ｑ
　　　Ｃｎ　●　●　●　●　　●
○　○　○　ふ　Q　・-ぃ-d
　　　　　　to　←ぃぃ･ぃ-●
　　　←●　－　Q　C　り　Ｑ
ｓべ○　●　●　●　●　●
O　O　Q　Cn　CT^　叫-ぃ-d
　　　　NO　･＝ぃ－　－ぃ-●
｜　’－‘゛゜゜゜゜゛
　　α3　●　●　●　●　●
Q　O　O　り1　ふ　CO　Q3
　・　　IQ・－　－-ぃ-ぃ=●
　　　←ぃ-･　C　心　ぱ）C－－　ば）　・ ● ●　●　●
ω　○　ω　Ｃり　り　㎞一　四
　　　　　　N3　・-ぃ-●　←　-
　　　ﾄo >―･　Ｑ　Ｑ　CO　∽
Ｎ）⊂）　・　・　・　・　・
OD　Ｏ　Ｏ　Is3　ω　ａ　、Ｊ
　　　　　　ﾄQ　－-d　←　－ぃ-Ｎ）←　Ｑ　to a⊃　Ｑ⊃
ｓ－　○　●　●　●　●　●
∞　０　４　へl　心　Q　C
　　　　　　Ｎ）　←　加==●　←　←
　　，Q　O　Q　Q　oo　O⊃
Cj3　CJI ・　・　・　・　・
○　○　ぐｔ　，－　ω（♪　り
　　　　　　ro　←ぃ-ぃ－　・-●
　　　ﾄ､］　1･－　Q　C　∽　a⊃
ho　tc ●　・　・　・　・
s-　○　ω　Q1　4　α）ぱ）
　　　　　　Ｎｺ　←ぃ－　←ぃ一
　　　ﾄﾞｺ　Ｏ　Ｑ　Ｑ　∽　∞
Ｋ八Jl　●　●　●　●　●
Q3　0　Cji　Q3　CJ1　C⊃　α⊃
　　　　　　N3　・-●　←ぃ＝ぃ･●
　　　l､ｺ　←　t£）Q　oo　α］
～　心　●　●　●　●　●
り　0　1り　4　hｺ　oo　Q
　　　　　　to　←　四　－-ぃ-d
　　　N⊃　O　C　1£> <O lO
63　へ1　・　・　●　・　・
Cｺ　O　en　Q3　Cn　O　O
　　　　　　N）　←●　←●　-　・-●
　　　ND "-　Q　Q　C芯　C£）
　　　N）　●　●　●　●　●C　O　O to hO C5 0
　　　　　　ﾄﾞj　･=-ぃ･●　←ぃ-d
　　　N）Cに⊃　C　C　C
Q3　m ・　・　申　・　・
-　O Ol　･＆　ひ　○　○
　　　　　　to　←　－4　←●　←
　　　ﾄj　O　ID C£J o⊃　Q
s-　○ ●　●　●　●　●
4　0　ぱ）l､ｺ　N3　t£）s-
　　　　　　to　ｰ＝●　←　←　加･=●to o to　C　Q　∽
ｓ－　tJl　●　●　●　●　●
○　O　OD　Cn　en　O　Q
　　　　　　Ｎ）　・-　－-　←　知一一ｄ
　　　(O　Ｏ　Ｃ　Ｑ　Ｑ⊃　Ｑ
Ｎ）○　・　●　・　・　●
○　○　心　hO　U3　U⊃　s－
　　　　　　Kｺ　-　←ぃ･-ぃ･－｜ ﾄj s-･　t£）c　c　∞
s一　しa　・　・　●　●　・
t-o　O・こ　㎝　Oi　く⊃　Q
　　　　　　ﾄ､］　←　－-●　-　－=●
　　　Ｎ）Ｏ　Ｑ　Ｑ　Ｃ　Ｃ
h― O　●　●　●　●　●
･以○りND OO O ―
　　　・N3　－　←ぃ－　－-●
１　
ﾄ､⊃　s-　Q　Q　CO　ca
s-4　1Q　’ . ●　●　・　●
－　○　○　りＩ　Ｎ）Ｑｺ　㎝
　　　　　　NO　←ぃ･●　←　←4
　　　←●　－　C　Q　Q　C
hﾊﾞｏ　・　・　・　・　・
O9　Ｏ　Ｏ　Ｕｺ・｀　r､O Ji.
　　　　　　ト⊃　－-●　←　←　-
　　　to　O　∞　∽　C刀　∽
　　　(⊃　●　●　●　●　●
○　○　α⊃　CO　ＣＱ・ｋ　ム
　　　　　　ﾄQ　w　←　-　蜘==●-　－-･ t£）C　Q　t£）
O3　t-O ・　・　・　・　・
O　O　QO･｀　(T)　Q3　C♪
　　　　　　N3　知=ら･ぃ＝ぃ一
　　　s-　O　a⊃　∞　Q⊃　C⊃
sべχ⊃　・　●　・　●　・
CO　O　ω　Cヵ　∞　.＆　Oi
　　　　　　b､⊃　←　－=●　←　四●
　　　N匹-　Q　C　ぱにＯ
oo　O　’　　・　・　・　・
ﾄj・0　4　Ol　心　Q　α⊃
　　　　　　ﾄｺ　－-a　-　四-　・-●
　　　s－　○　∞　a⊃　CO　Qｺ
s-ﾍﾞﾌ1　●　●　●　●　●
(7り　○　-　Q3　CO　4　Oi
　　　　　　Ｎ⊃　－-ぃ－　四　N3
　　　恥＝ぃ=･　Q　ばに£）O
Qに○　・　・　●　・　・
ﾄJ　O　ム　り　Q3　Q;　○
　　　　　　Ｎ］　←　－=●　←　←－
　　　≒･　Ｏ　OS　00　Ｏ;　ａ⊃
ＮいJ　申　●　・　・　●
Ｑ　Ｏ　Ｎ）∞　to　㎝　Ｑ⊃
・　　　hO　←ぃ-　←･　Ｎ）
　　　　　　←　Ｃ　Ｑ　Ｑ　Ｏ
　　　　　　４　CO　Ｃ　α⊃　○
　　　　　　N）　←4　－ぃ-ぃ=･d
　　　s－　O　Q　C　CO　Q
6j　m ・　・　・　・　・
hO　O　ム　Ｏ　Ｎ）ぱい-
ro　-　←ぃ－　四－－　Q　Q　Q　C
to CT)　心　C_n　C乃
　　　　　　Ｎ）　恥＝ぃ－　－ぃ－
　　　←●　O　Q　C　Q　Q
･－　m ●　●　●　●　●
rt　C⊃　へｉ　．ｋ　Ｃｎ －-ぃ-d
ho　←　-　←　←-
O　C　C　Q　Q
∽　ふ　Ｑい､a　CO
　　　　　　hO　←　四　伽＝ぃ一
　　　←d　←　ににQ　C　ぱ）
　　　αｺ　●　●．　●　●　●
ｔＯ　Ｏ　←･　Oi　心　ｓ－　○
　　　　　　Ｎ）　－　－ぃ＝4　－　　　　　　Cべ⊃　Ｑ　Ｃ　Ｑ
‥　 CO　ω－Ｑ　ω　４
　　　　．Ｎ　四　匹-　-･●　←●
　　　･-　･=● Ｃ‘Ｃ　∞　∞
　　　　　　●　●　●　●　●ｓＪ 召、O5 en C力　Ｑ（£）
N）　←●　-　←d　←d
O　Q　Q　Q　C
Q3　4　Q　C｡n　り1
　　　　　　Q　･-4　－　－　四－／こ二　Ｑ Ｑ ∞ ?
～　心　●　・　●　●　●
ND　O　ω　ム　ω（7り　り
ﾄ､⊃　四　←ぃ－　-
O　q⊃　ID IS> L!⊃
α⊃　４に､I　Ui　C71
　　　　　　ND　－　-　←ぃ-●
　　　－　－-･ Q　t£）oｺ　∽
s･4　㎝　●　●　・　・　・
a　O　Qa･ND O3　QI（力
Ｎ）　知一一●　-　Ｍ-ぃ一一●
ｓ－　り　C　Q　Q
hO　Oi　心　CJi　a
　　　　　　ﾄヽｺ　←a　←　－　四
　　　・=･　－　Q　Q　α⊃　∽
　　　C71　●　●　●　●　●○ ○　ω　Q Q CO crｺ
　　　tsO　←　-　-　←d
　　　1-4　C　Q　Q　Q
‘　　Qｺ　en　心　ＱにJl
　　　　　　Ｎ）　－　←●　－　加==●
　　　M･ぃ･･　Q　Q　Q⊃　∽｜　㎝　’゛゛・　・
C71　C）ふ･ｋ　Ｑ３　１０　Ｃ
F､ｺ　←ぃ一一ぃ･●　←
~　C　Q　C　Q
4　心　W　Nｺ　N3
　　　　Ｎい一一　←ぃ･-ぃ－
１　｀“゜゜゜゜
　　心　●　●　●　●　●a O　ふ　Oi　C75 ir>　Q
N3　←ぃ-･　-　四s－　t£）Q　C　Q
en　り　Ｑ　Ｎ）φ
　　　　　　ﾄQ　－-ぃ-ぃ-ぃ･●
　　　・－　－-d Q　Q　Q　C
～　Ln　●　・　●　●　●
4　0　Oi　心　∽　こ　○
.Nｺ　←d　－い-ぃ-●　←べ）C　Q　Q
　心　oｺ　∞　O3　４
　　　　　　(NO　加－　四　－-●　w
　　　N）s－　C　C　C　Q
　　　O　●　●　●　●　●00　O Ol CO Q　to　ND
N）　M－　匹-●　四･い-●
s－　Q　Q　Q　Q
Q　り　C;　N）ω
　　　　｀　Ｎ）　四　－●　－　←●
　　　hO　ｓ-　Ｑ　Ｑ　Ｑ　∽
ﾄj　卜､］　・　・　・　・　・
<Ti　Ｏ　･４　Ｑ⊃　心　O　U⊃
N3　－　－●　←●　←●
～　Q　Q　C　Q
Q　Ln　り　ﾄ､3　ω
　　　　　　Q　←●　←ぃ=ぃ-d
　　　6い-べD to 00　00
４　０　・　・　・　申　●
NO　O　Q3　Oi　U)　C　Q
N3　--●　←ぃ=ぃ-●
←‘　Ｑ　Ｃ　Ｃ　Ｃ
Ｏ　Ol　Ｑ　00　４
　　　　　　Ｎ）　←●　←●　←　－４
　　　Ｑ３　０　Ｑ　Ｑ　CO　Ｑ
４いＱ　・　●　●　・　・
Ui　Ｏ， ｔＯ　ふ　ふ　to　Ｏ
N3　－ぃ-ぃ=●　←a
O　Q　Q　Q　C
Oにjい､1　4　Oi
　　　　　　ro　･=-ぃ－　←●　←4
　　　CO　O　Q　Q　Q　tj）
tj3　つ　・　・　・　・　・
CTi　O　C⊃　4　Oi　Cい－･
－　Ｓ　Ｓ　Ｓ　Ｓ　Ｓ
　　　●　●　●　●　●○⊃　㎝　α⊃ Oi　Cji
　　　　　　Ｎ）　←－　四　－　四Ｑ３ ０　Ｃ　Ｃ Ｑ Ｑ
Ｎ）○　●　●　・　・　・
心　O　C　CJi　a　Q　CO
hO　←　←ぃぃ－s4　Q　Q　Q　Q
←べＱ　１０　心　Ln
　　　　　　N3　-　－　・ぃ－Ｎい－　Q　Q　Q Q
~　Q⊃　●　●　●　●　●s一　〇　〇　心　心　Ｑｺ　ふ
ND　←　KJ　-　←･←ぺ）Ｏ　Ｑ　Ｑ
４　り　←･　Q　ひ
　　　　　　Ｎ）　－ぃぃ＝ぃ=●
　　　to　O　Q　C　C　Q
　　　O　●　●　●　●　●4 0　㎝　C71　㎝　(O O3
・　　Ｎい⊃　･･a　←ぃ･●
　　　　-　O　C　Q　Q
　　　　へJ　s･4（j⊃　りに拓
　　　　ﾄj　－=ぃ=ぃ=ぃ-●s一〇 ・Q⊃lO ID to
~　C乃　・　・　・　●　・
←･　o a> oi　t_n　ND　<M
ro　←－　－-●　←ぃ･●
~　C　Q　Q　C
Ln　CO　CO　ω　N）
　　　　　　(O　－　-　四　←
　　　←･　O　Q　C　C　Q
　　　ふ　●　丿　丿　丿　●○ Ｏ　Ｃ　Ｑ　Ｑ⊃ Oi Ui
　　　　　　hO　←　-　←　←d
C　に　O　C　q）Q　Q
●　○　・　　●　●　・　●・
O3　4べ０　．ぶらぷ　←　M－
←4
←4
????????????????
１こｓＳＳ§§ 　　　　　　　　　－　－ｉこコ99°゜゜゜
　　　　　-　－　－　-　-
　　　N3　Q　Q　Oｺ　α⊃　○ｺ
N⊃　Ol　●　・　・　・　・　.
Q　O　4い-　Q　4いＱ
　　　　　－　－　-　－　-
　　･s･“　Q　CO　∽　Q⊃　心
　　α⊃　●　・　●　●　●
Ｋ　八　八　fy匈
　　　　　－　－　－　－　－
　　　１４､）Ｑ　Ｑ　Ｃ⊃　Ｃ⊃　Ｃ⊃
←･　Ｑ　●１　●　●　●　●
○　○　心　○　心　４　←･
　、t>o　←･　←●　-　・･●
s“　O　Q　a3　∽　心
心　●　●　●　●　　●-　一　一
　　　　　　－　－・－　-　-
　　　ﾄｺ　C　Q　り　α⊃　Q⊃
NにJ≫　●　・　・　・　.・
Oi　O　∞　4　←･　CJ1　tsO
　　　　　　－　－　－　－　－
　　　～　Ｃ　ａ⊃　Ｃ　ａ⊃　ｊ・
ｓ-　Ui ●　●　●　●　●
・　-ヽ　　～
　　　　　－　-　－　－　－
　　　N）C　C　Q　C⊃　a⊃
(M　O3 ・　●　・　・　●
N）○　り　U3　1Q　り　Cぶ
じ只声声戸戸F;
　　　　　-　-　－　-　－
　　　S3　C　C　Q　α⊃　∽
s一一→､）　●　●　●　・　・
Oi　O　∞　4　心　Q　CJ1
２
　　　　　-　-　-　-　-
　　･一　Ｑ　CO　ａ;　り　り
　　C⊃　●　●　●　●　●
n　⌒　･･
　　　　　　卜い一一･　←ぃ＝●　←●
　　　Q　O　Q　Q　Q　へJ
←‘　Ln　・　●　●　●　●
CO　O　to CO　ぱ）O　CO
　　　ﾄヽｺ　←ぃ＝ぃ-●　－
ﾄ､）Ｏ　Ｑ　Ｑ⊃　－ｌ　ｉｌ
ｒい
　　　　　－　－　-　-　－
　　　ﾄJ　Q　Q　C⊃　a）W
　　　CO　●　●　●　●　●
Q　O　CX⊃　Q3　α）4　α）
　　　　　　6ｺ　－-d 、－-●　w -
　　　K)　O　Q.∞‘Cｺ　心
　　　○　●　●　●　．●　〃●
ｒ･･⌒　ｒ
１　．，Ｓ　Ｓ　ｉ　Ｓ　こ;
に
O O -t*. ― OO CO to .
ｌ　ｔ､。Ｓ　ｉ　ｉ　ｉ　こ
rr, s ;･　゜’’゛
　　　　　－　-　-　－　-
　　　4　C　Q　00　心　へj
　　　○　●　●　●　●　●○ O　Q3　CいQ　∞　to
｜　。，Ｓ　ｉ　こ;　こ;　こ
穴;　凶　ｙ　’゛゛’
　　　　　－　－　－　－　－
　　　４　Ｑ⊃　Ｃ⊃　α）心　W
　　　Ｏ　●　●　●　●　●
Ｏ　O　CX⊃　ひ　心　en　Ｎ）
ＤＩ已已に|
。§口回訓
｜　，､，Ｓ　Ｓ　こ　こ］　こ5
むｇ　Ｓ　ｉ　６　』　;､。Ｌ
一
回
Ｓ
；
　　　　　－　－　－　-　－
　　4　Q　Q　CO　Q　り
　　○　●　●　●　●　●
○　○　－　Ｏ　Ｎ）心　Qa
呂
　　　　－　－　-　-　－
　　IQ∽α⊃へJ- -^ -J
Ｑいμ　・　・　・　・　・
4　0　0ｺ　○　心　Q1　4
　　　－　－　-　－　－μi. JO lO ≫りり
　　○　●　丿　●‘●　●
○　O　ND　O　Oi　Q3　4
　　　　　－　-　-　-　－1 1､ｺ　c　CO　cｺ 心　心
s-　O3 ●　●　●　●　●
l､S　O　Q　ro　ND　∞　心
　　　　　-　-　-　-　-
　　　to　Q　Q⊃　Cｺ　心　心
　　　(.ふa　●　●　●　●　●
○　○　-　ぱにI　Q　心
１　－Ｓ
00 00
^ Cj
２　呂　に　し　;､。ｉ　ふ
　　　　　－　－　-　－　－
　　　O3　Q　Q　C⊃　心　心
　　　Ｕ３　●　●　●　●　●O　Ｏ　Ｍ　Ｏ　Ui　tn　ひ
　-　-　－　－　－l　s　U3
- cn　cx）り　Q
かQ　Q⊃　●　・　・　・　・
Q　O　N)　へj　Q3　Q　αｺ
-
　・-　-　－　－　－l　
s-･　Q　c⊃　∞　Q⊃　心
･一　00　●　●　●　・　●
O3　O　4　ω　ω　s　i£>
　　　　　・-　－　－　-　-
　　　oo　C　α）∽　Q　心
　　　en　●　●　●　●　●○ O　CO　α3・（力　to CTり
　　　　　－　－　－　－　-
　　4　Q　Q;　CO　り　り
　　○　●　●　●　●　●α）O O　C力 O Q　to
１　‘　Ｓ　ｉ　ｉ・ｉ　Ｓ
､ｊきl､jし、ｉ．;､，６
　　　　－　-　－　-　－
　　ふ　∽　a;　り　り　Q
　　O　●　●　●　●　●O　O　a3　en　り　Q ω
１　.― S　ｉ　ｉ　Ｓ　Ｉ
Ｓ　呂　ｉ　ｉ　ふ　;､。Ｌ
　　　　　　－　－　－　－　－
　　　4　∞｀CX］　OD　へいJ
　　　（⊃　●　●　●　●　●
a3　く⊃　Q　Cn　O　C⊃　Oi
　　　　　-　-　－　－　－ｌ　ｓ-･ ｃ ∞　α］　∞　CO
~　○　●　●　●　●　●り り Q　ﾄ､D　ﾄJ　N）
　　　　　－　－　－　－　－I
Q　03　α）り　り　り
～　C-n　●　●　●　●　●
∽　○　ぱ）ＱＱ　Ｑ　Ｑ　心
　　　　　－　－　－　－　－ｌ　to Ｑ　∞　∽　∞　∽
～　Ｑ３　・　●　●　●　・
ａ　Ｃいj　Qいμ　(sO　Ｏ
　　　　　－　－　－　－　－
　　　Ｑ３　Ｃ　ａ３　∞　∽　心
～　Ｎ）　●　●　●　●　●
u>　Ｏ　ＣいＪ　Ｏ　Ｏ　ぱ）
　　　　　－　-　－　－　-
　　　Q3　C　Q⊃　α3　Cｺ　心
　　　○　●　●　●　●　●○　Ｏ　ａ⊃’心　a　s一　CX⊃
　　　　　－　－　－　-　-
　　　Q　C　Q　Q⊃　CX⊃（Z
N四ぷ　●　・　・　・　・
O3　O　ω　O　Q　ふ　Ｎ）
１　，､。Ｓ　ｉ　笛　＆　5
S　呂　乙、ふ　乙　』　Ｌ
　　　　　　－　－　－　-　-
　　　Ｋ）Ｃ　Ｃ　α⊃　α⊃．Ｑ⊃
･一一- Oi　’． ●　●　●　●
ａ⊃　Ｏ　Lp　Ｏ　to　Oi　Ｎ］
　　　－　－　－　－　－Ｉ　ＳＦ宍ＦＦＦ
Oi　Ｏ　(JS　４　Ｑｺ　to　ご
　　　　　-　－　－　-　-
　　　Ｎ）Ｃ　Ｃ　Ｃ　∞　α）
　　　じ3　●　.●　●　●　●
Ｏ　Ｃいい一一･　S3　C3　ふ
|回　２　口　已
　　　　　-　-　-　-　-
　　　し3　C　C　C　OO CO
1一，-0　●　●　●　，●　●
M　Q・り　O　Q　り　N3
Ｓ
§
ＫＳ
　　　－　－　－　･-　－
ωとい゜00 00 00 OS
Ｏ　Ｏ　Ln　Ｃ７５　４　ω　Ｏ
　　　　　－　－　－　－　－I
O3　c　c⊃　∽　∞　心
s一　ふ　●　●　●　●　●
４　０　Ｎ）Ｑ　ふ　ｓ-･　心
　　　　　－　-　－　-　-
　　　ﾄ､）C　00　∞　CO　Qｺ
to　O⊃ ・　●　●　申　・
Ui　O　心　Q⊃　ぺいμ　s-d
　　　　　-　-　-　-　-
　　　U)　Q　00　a⊃　CX⊃　α⊃
1-べ⊃　●　●　●　●　●
CJi　O　to　心　<Ti　Uｺ　○
　　　　　　－　-　-　-　-
　゛Nｺ　Q　a⊃　∞　∞　CO
Kｺ　ａ⊃　●　串　●　●　・
∞　O　C75　ヽ､1　1Q　s－　○
　　　　　　－　－　－　－　－
　　　Ｎ）Ｑ　00 03　∞　心
　　　～l　●　曇　●　●　●
○　○　○　ふ　CO　O　α5
　　　　　－　-　－　-　－
　　　ﾄﾞｺ　Ｑ　cs　∞　∞　∽
ＱにJl　・　串　・　●　●
○　○　∞　C⊃　心　4　bO
　　ω　Ｓ　笛　ｉ　ｉ　こ九ｓ乙八。i。;。i
　　　　　ﾄ､）←●
　　　Ｎ）Ｏ　Ｑ
ｓ一　O3　●　●
l､ｺ　○　o ro
一　-　-
ぷ）∞　∞
　　●　●､ｺ　∞（力
　　　　　　－　－　－　－　－
　’Ｑｺ　Q　Q　Q　CO　CO
s･4　N） ●　●　●　●　●
C71　0　CJ< ←ぃ一一･　４　０
　　　　　　to　－-･　←●　軸一一ぃ－
　　　Q3　0　Q　t£）Q£）t£）
s－　○　●　●　●　●　●
ﾄ､）0　4　α3　CO　M　s
　　　　　-　-　－　－　-
　　　Q　C　Q　∽　Q⊃　心
b､3 C刀　・　●　・　・　・
Oi　Ｏ　ａ　Ｋ）ぱにJ^　Q
　　　　　　N3　¥－　-　-　←･iμ O　Q　Q ∽　∽
　　　0　・　・　●　●　●
α⊃　O　N　心　Oi　C　心
　　　　　-　-　-　-　－
　　　６ｺ　心　C　C（ヵ　心
ﾄQ　C71 申　●　・　・　●
CJ1　O　Cjt　Q3　O cji　U⊃
　　４　Ｓ　Ｓ　Ｓ　ｉ　ｉ
ｏ　呂　６　こ，６　乙。』
　　　　　－　－　－　－　－
　　ム　Q3　Q　Q3　り　Q
~　○　●　●　●　●　●偽 O　to s- O3 C3 Oi
　　　　　　Ｎ）　－　-- ←●　←●｜　ふ　Ｏ　Ｑ　Ｑ　Ｑ　∞
ｓ-　○　●　●　●　●　●
ａ　Ｏ　－　４　心　s一一･　CT)
　　　　　-　-　-　-　-
　　ム　∽　∽　り　Q　り
　　こ　・　・　・　丿　・
O　O　C13　α）t□　り　ム
　　　　－　－　－　－　－ｌ　ａ　lO lo ｇ Ｆ　Ｆ
４　０．Ｑ　４　∞　←･　ぱ）
　　　　　-　－　－　－　－
ヽ
|　ム　ｏ３　ａ⊃　り　り　り
ｓ-●　○ ●　●　●　●　●
くｺ1　0　C乃　C71　心　LP　O
　　　　　-　-　-　－　－
　　　to　C　C　C　Oｺ　03
　　　Q3　●　●　●　●　●
Q　O　CO　to　K）ぱ5　Q
　　　　　-　-　-　-　-
　　4　∽　∽　り　り　り
　　○　●・　●　●　●　●
○　○　α3　心　CO　心　←･
　　　　　　Ｎ｝~　←ぃ=●　四
　　　ﾄa　O　q⊃　C　Q　00
←べJl　・　・　・　・　・
⊂〉⊂い－　O3　く♪　ｓ－　Ｑ
　　　　　-　-　-　一　一
　　み　00　a;　Q　り　CTl
　　C）　●　●　●　●　●○　○ 00 CO　Q　N）叩
｜　ｒ､。Ｓ　Ｉ　Ｓ　ｉ　笛
Ｓ　呂　とべ。６　Ｊ　Ｌ
　　　　　-　-　-　-　-
　　Ａ　CO　CO　Ｑ　Ｑ　Ｑ
　　ｒり　●　●　●　●　●O O　C⊃　Cn　∽　Oi　~
　　　　　-　－　-　－　－
　　Ｎ）Ｑ　∽　Ｑ　り　り
　　C力　●　●　●　●　●○　○ ○ りI　C⊃　心　Q
　　　　　-　-　-　-　-
　　63　α3　CO　00　り　り
　　⊂）　●　●　●　●　●○　0　1Q　α5 0・｀　N）
　　　　　一一　-　－　-　－1　
1Q　α3　α3　り　り　り
ぁ－　ａ⊃　●　●　●　●　●
４　０　∽　４　Ｑ３　心　Ln
　　　－　－　－　－　－Ｉ　Ｓ宍宍:｀J:｀J:｀J
心○りCT^ -J to O
　　　　　-　-　-　-　-
　　ﾄQ　C3　∽　Q　り　り
　　（73　・　・　・　・　・
Oi　O　a3　N）∞　心　Oi
　　　　　-　-　-　－　-
O9　ND　ににO OD 00　心
’tO　●　・　●　●　・
α3　Sｺ　ふ　O　Ol　s-･　ぱ）
　　　　　－　－　－　－　-
　　　ﾄj　Q　∞　∞　∽　心
s-4　へｊ　●　●　●　●　●
４　０　０　CO　Ｎ）Ｏ　Ｃ
　　｡。Ｓ　Ｓ　Ｓ　笛　Ｓ
に　8　i,，:､l　ふ　;､。Ｌ
｜　，､。Ｓ　Ｓ　ｉ　ｉ　こ;
コ　呂　し、６　ふ　;､。i。
－J-　･－　ミ
　　　　　－　－　－　-　-
　　l､ｺ　Q　∞　∞、00　Qｺ
　　O3　●　●　●　●　●Q O， en　ぱD- Lp O3-恥==･。
　　　to　Q　CX⊃　a］　Q⊃　∞
1一一いJ　●　・　●　●　●
4　0　4　oo　4　ω　1､コ
　　　　　-　-　-　-　-
　　　Q3　C　Q　00　OQ　心
~　Ｎｺ　●　●　●　●　●C15　0 n　N）4　s－　CO
　　　　　-　-　-　-　-
　　W　tn　C　C⊃・Qｺ　心
←心1　●　●　●　●　●
4　0　~　O9　Oi　O　CO
　　　　　－　－　－　－　-
　　　U3　Q　Q　C⊃　C⊃　Cη
N）○　●　・　・　●　・
Q　O　ro　N）り　ND　O
　　　　　-　－　-　-　－
　　　ﾄ､ｺ　Q　Q　∽　∽　Cｺ
oo　O⊃ ・　・　・　・　・
心　O　Cji　N）Q　en　Q3
　　　　　－　－　-　-　・－
　　　ro　Q　Q　Q　ぱ）∞
ro ui　・　・　・　・　・
OS　O　C5　4　Ui　O . tI3
　　　　　　Ｎ）　←ぃ－　－　←●
　　　U3　0　C　C　Q　Q⊃
s－　○　’　　●　●　●　●
Oi O to 心IQO∽
　　４　Ｓ　Ｓ　笛　笛　ｉ
。Ｒ　Ｉ，；、;､、゜
　　｡，Ｓ　笛　笛　芯　芯J，R・　・　・　・　・
　　　　　-　-　-　-　-
　　　O9　tQ　CX⊃　Q⊃　へｌ　ヽｊ
~　CJi　●　●．申　●　●
ry･rヽ，
　　　　　●－　-　-　-　-ω・Q　Q3　α;　o;　り
　　O3　●　●　●　●　●
肖⌒・
　　　　　-　-　-　●－　-
　　O3　に）∞‘00　CO　心
　　ﾄｺ　●　●　●　●　●
ｒヽ⌒　・
　　　　　－　－　－　-　-
　　　りに⊃　∞　∽　∞　∞
　　　○　●　●　●　串　●ｒに－ヽ
　　　　　　-　-　-　-　-
　　　O3　t£）心　Qｺ　∞　CO
　　　O3　●　●　●　●　●
－1　心　Ｊ
　　　　　－　－　-　-　－
　　　Qa　C　Q⊃　∽　C⊃　∞
　　　卜Q　●　●　●　●　●
⌒⌒・
　　　　　－　－　-　－　－
　　　to tD Ci3　∞　∞　∞
N3　ＣＩ ・　・　●　・　・
／ｔ　心　」
???』???――???????????????》??????。（???????????????????????????????????????????????
８
日
??????????????????????????????（???????????????????????????????????????????????????????????
??????????????????????????
Study on the Quantitaive Determination of Eddy Exchange Coefficient(H. Ueta)
PART IV. SOME OBSERVATIONAL EXAMINATIONS ON
　　　THE STATISTICAL THEORY OF TURBULENCE
2５
1. Introduction
　　　　Reexamination of the subject is carried out briefly on the observational results of ａ
survey on the salt-field at Sakaide in August, 1954［１］．
2. Auto･Correlation Coefficients m)
　　　The Eulerian auto-correlation coefficients R(ξ)Ｃａｎ be readily calculated from ｏｕｒ･
observed data, i.e.,
　　　　匹俗‾司瓦'(ｏｖ壽‾1/函耳万
etＣ、
where u'ニzぶ－ａetc, being written in the usual notations and the result is given in Table ｌ｡
Table 1. Auto-correlation ｃｏｅ伍cientsR(0 for u＼ w＼ T', r'.
Ｒご 沢ご
Dateご １ ２ ３ ５ 10 20 30 １ ２ ３ ５ 10 20
　Ｖ
　Ｖ
　Ｖ
　Ｖ
３Ｖ
0　30
1　50
4　00
7　10
9　00
0.75
0.86
0.88
0.72
0.95
0.48
0.70
0.75
0.50
0.82
0.38
0.58
0.64
0.38
0.79
0.24
0.31
0.47
0.24
0.61
0.03
0.22
0. 16
0.21
0.28
－0.27
-0.03
　0.10
0.05
-0.01
-0.32
0.73
0.83
0.80
0.69
0.84
0.45
0.72
0.68
0.43
0.69
0.37
0.64
0.61
0.27
0.53
0.28
0.59
0.52
0.01
0.30
　0.･16
　0.50
　0.26
－0.30
　0.29
　0. 11
－0.06
沢ド 沢／
Date ず １ ’ ２ ３ ５ 10 20 １ ２ ３ ５ 10 20
lv
lv
lv
lv
3V
0　30
1　50
4　00
7　10
9　00
0.83
0.64
0.84
0.76
0.85
0.60
0.36
0.69
0.50
0.69
0.45
0. 14
0.52
0.30
0.55
　0. 10
-0.01
　0. 18
　0.04
　0.35
-0. 16
　0. 10 0.05
0.71
0.80
0.88
0.84
0.87
0.50
0.50
0.72
0.52
0.65
0.31
0.30
0.56
0.24
0.48
0. 10
0.05
0.31
0.05
0.22
-0. 17
　0.05
　0.09
　0.0
　0.01
-0. 16
－0.08
－0.17
　　　It can be seen that R(と) obeys the wellknown Taylor's assumption of 沢(ξ)～∂-４
(α:ａ constant) in the sense of the first approximation. i?(f), however, seems to be more
approximately represented by a modified form of
　　　　　　　　　　　　　　　　　　j?(と)=≧=ε-“ξ－ｊ。(ε-４－1)……2…………………(I)
where ｊ。is an adj ustable constant.
　　　The values of the constants of the rough empirical formula (1), for the given exam-
pies are listed in Table ２ and the degree of approximation of the formula is illustrated in..
Fig･，I.
l
t
;
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……Fig｡.!. a. Degree of appro?timation of.the equation【】）tｏthe observed data.
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Fig. 1. b. Degres'of approximationヽof the equation (l)to the observed data.
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Table 2. Constants for the equation of
　　　　　　　　　尺(4)＝ｅ一斑－jo(ｅ-゛ξ－1)
Date　Time m) Ao α 7'0 J7
llviii　10　30 沢丿
沢丿
沢ド
沢μ
-0.5
　一
一0.3
－0.1
0. 18
　－
0.23
0.37
１１
－　６
　６
5.8/3
　－6.1/3
5.4/3
llviii　14　00 沢ご
沢丿
沢ド
沢/
-0. 1
　0.1
－0.9
-0. 1
0. 14
0. 17
0.09
0.36
18
20
　7
14
5.4/3
5.6/3
6. 1/3
5.4/3
1lviii　l7　10 沢丿
沢丿
沢が
沢バ
　0.2
－0.25
－0.3
　－
0.50
0.29
0.26
　－
゛30
　　5
　　7
　－
5.0/3
6.0/3
5.7/3
　　－
13viii　　9　00 沢ご
沢ご
Rt'
沢/
　一
一0.2
　一
一0.1
　－
0. 16
　－
0.23
－　8
I･10
　－6.0/3
　－6.2/3
2７
　　　　Inspecting Table l and 2， we
can point out the following remarks r
　　(i) Auto-correlation　coefficients.
双(ξ)foｒ horizontal velocity Ｒが(右)。
゛ertical ｖｅｌｏｃｉty双ご(ξ)，tｅｍＰｅｒａtｕｒｅ‘
尺ｙ(と) and water vapour 尺ﾉぽ) do-
not coincide with each other, even
in the sense of approximation｡
　・(ii) To, which represents the life-･
time of the eddies, i. e., the time need-
ed to reach Ｒ(ξ)→O fｒｏｍＲ(ξ)＝1，
shows somewhat greater values for-
尺ご(ξ)ａｎｄ尺ご(ξ)of velocity than.
foｒ　Ｒｔ’(ξ)ａｎｄＲ/(ξ)ｏｆ heat and.
water vapour｡
　　(iii) Somewhat smaller values of
the damping coefficientαor longer
values of the life-time７ｏappear for midday observation (14h 00m) than for eveningヽ
¶.０
0.５
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O.o5
　　／
／／
　●
??
　●／
　／／
　４
??
／
／
1／　Scsec)
／
???
５
○
e (o*" 30'^
□liiKoO゛｀
　§　
ｚ
　　／
／
／
刮－ｃ・。st f/゛
　　１０　　　２０
ａ Ｕ●、５０゛”｀
０　９ｋ 00 ･≪･
Fig. 2a. Relation between ｌ一尺,'(?)and S for
　　　　horizontal wind velocity fluctuations
1.０
o･5
??????
0.1
.・　　1.　　asec)　　5　　， 1°‘　　2°
Fig. 2b｡Relation between ｌ一Ｒｊ(4)and f.for
　　　　　　verticalwind velocity fluctuations ゛
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Fig. 2c. Relation between l-ＲＴ’(4)ａｎｄとfor
　　　　　temperature fluctuations
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爪
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　　　　　J　　　ICsec)　　i　　　10.　20
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　|●　　　1　　　　　　　　　　　　　　・Fig. 2d. Relation between ｌ一尺/a) and 4 for
　　　　　　　water vapour fluctuat ions ｡　………
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O bservation (17h 10m), and the fact sﾘggests that longer continuation of the identification
o f eddies can be established when strong convection is prevailing.
　　　(iv) Shiotani's conclusion ,[2], in which 沢ご(ξ)is smaller thaｕ Ｒ’(1), can not be
testified by this example.　　　　　　　　へ
　　(v) Inoue[3]･stated that 坦と) could be represented by 班か)＝1－(ξ/几戸　for
small intervals ｏ吋ｏｒ風と)≧019 with y71±2/3 for momentum transfer and ｍ＝4/3 for
heat and water vapour trar!sfers, while Shiotani[2] concluded that 771=2/3　for heat
transfer, supporting S. Corrsin's theoreticar result. The result of the observational exami-
nations of the above mentioned facts‘isﾆillustrated by Fig.2. Sufficient identification,
‘however, could not be obtained.　　　　　゛
3' Exchange Coe£Bci°i (A) and Frequency Spectra Ｆ(“)
　　　Applying the author's rough empirical formula‘Ｒ(右)＝＝ｅ‾４－ｊｏ(ｅ-４－I)tｏ the
"wellkno､ふｎ formula、
Jo紅海l
we have　　　＼　　　　　　　　　　、
ｊ二PW'''＼AoTo一幸ず゛-(e-“７,∠I)}………………(2)
;and the numerical valus ofｊ for the example are obtained with the constants given in
ずable 2,'taking u)'^from the original observed data [1].　　　The values ofｊ obtained
｀by this method are compared with those derived from the direct method given in the pre-
"vious paper[1], and we see that some discrepancies appear between them｡(see Table ３)
　:　　　　　Table3L　ValuesｏｆＡ゛≒・sゆｃ°efficientcalculatedby
｡｀ 'ふ≦ぷ７ｲ0
＼　
△　尚首謡謡ご倣で豊次謡ぎ突f。－。－。
Date　Time
心高価fy,j(皿 Swihbank-Ueta's method
At 。ｊ「 ｊａ At 柔 j,71
1 V
1 V
ｌ‘ Ｖ
３Ｖ
１
１
１
１
10　301
14　00
17　10
･9　00
1.74
3.54
0.34
　－
　1.50
　1.59 ’
　　‾づ･■1.-50
-3.16
　4.50
　1.32
　　－
0.61
0.62
0.14
　→ゝ
1.23
0.43
　－0.85
‘0.63
　1.02
　0. 16
　　－
The!frequency spectra F(i㈲ire given by the expression Ｆ(zz)＝4KOJR(と) cos27tndと，
≠d appl冲罵八郷ヅプヤ1，(e4÷1卜/e have
才(φ・4Dよ回こ斤 十(I-・ｊｏ)
　ｊ ｉ１
giaro
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Ｊ(４)～n''', the relations appear a:sstraight lines on the diagrams, and the most appropriate
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‘values for oiar exarriple are"/)/ ＝‘5.4/3,/･j＝5.9/3，わ.' = 6.0/3 and 6/= 5.7/3ﾝ　Corrsin
says that Fr'in)～zz‾s/3 oΓ φノ゜5/3√but Inoue concludes that Ft'in)～ｒ7/3 or Pt' =フ/3j
and Inoue and Shiotani show that Ｆ(功～ｒ5/3 for the momentum transfer. The･state-
ments of the above mentioned specialists are not ifuUy examined by our example･
　　Finallyバhe author wishes t(j ascertain the results gained in this paper by doing
further study in near future.　　　　　　　　　　..
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